Objectives: To identify the key points for improving severe maternal morbidity by analyzing pregnancy-related ICU admissions in Beijing.
analyzed maternal ICU admissions to make recommendations for improving maternal outcomes in China.
MATERIALS AND METHODS
This retrospective cohort study was conducted in the ICUs of three hospitals in Beijing City, China, including Peking University Third Hospital, Peking University First Hospital, and Capital Medical University Affiliated Beijing Chao-Yang Hospital. All three are academic hospitals with critical maternal care centers.
All women in any trimester of pregnancy or within 42 days of delivery who were admitted to any of the three ICUs for at least 24 hours between January 2008 and December 2016 were reviewed, regardless of their reason for hospitalization (data from Capital Medical University Affiliated Beijing Chao-Yang Hospital from 2008 to 2011 was missing and could not be counted).
The following data were recorded: demographic characteristics; number of previous pregnancies; cesarean section history; mode of delivery; multiple births; ante/postpartum admission; diagnosis upon ICU admission; total maximum Sequential Organ Failure Assessment (SOFA) (13) score over the duration of the patient's stay in the ICU, using the most abnormal value for each variable recorded; length of stay in the ICU and hospital; maternal death; fetal losses (fetal loss was recorded at any time, excluding induced or therapeutic abortions and ectopic pregnancies); and the level of intervention provided in the ICU (mechanical ventilation [MV] and the number of days on MV, central venous catheterization, hemofiltration, and plasmapheresis). The complications recorded in the ICU were as follows: acute kidney injury (AKI) (14) , heart failure (15), and respiratory failure, which was defined as a SOFA score of 3 or more points for respiration.
Acute diseases leading to ICU admission were categorized as obstetric and nonobstetric. As proposed by Vasquez et al (16) , obstetric disorders were defined as disorders occurring only during pregnancy or the postpartum period (17, 18) .
The overall frequency of ICU utilization, the case fatality rate, the maternal ICU mortality rate, the hospital maternal mortality rate, and the fetal loss rate were all calculated.
The present study was approved by the ethics committee, and all information obtained was used only to describe the patient population and for data analysis. Categorical variables are presented as numbers (%), and continuous variables are presented as mean ± sd or median (interquartile range) according to their distribution. Normal and nonnormal continuously distributed variables were compared using Student t test and the Mann-Whitney U test, respectively. The categorical variables were compared using the chi-square test or Fisher exact test. A p value less than or equal to 0.05 was considered significant. The absolute rate difference (RD) with 95% CIs was estimated for diagnosis associated with ICU admission. The 95% CIs of the absolute RDs were calculated using the Newcombe-Wilson score method (19) .
Bivariate analysis was performed to evaluate the maternal risk factors associated with fetal loss that were identified as significant (p of up to 0.05) in the univariate analysis using the chi-square test with continuity correction or Fisher exact test. The odds ratio (OR) and its respective 95% CI, defined as the exact range, were calculated. The multivariable models were built manually and included variables with a p value less than or equal to 0.05 on the Wald test. All statistical analyses were conducted using the statistical package SPSS, Version 18.0 (SPSS Inc.: Chicago, IL).
RESULTS

Frequency of ICU Utilization
Within the 9-year study period (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) , 87,850 deliveries occurred, and 491 women were admitted to the ICU during or after pregnancy. The average pregnancy-related ICU admission rate was 5.6 per 1,000 deliveries, and it increased from 2008 to 2016 from 3.05 to 7.27 per 1,000 deliveries (p < 0.001). The rate peaked at 7.85 per 1,000 deliveries in 2012, decreased in 2013, and then increased in 2016 (Fig. 1) .
Demographics of Pregnancy-Related ICU Admissions
Approximately 60% of the patients in our study were originally from referral centers, 19.6% were transferred to wards directly from another healthcare facility, and 39.3% were admitted from the emergency department originally referred from another facility.
Overall, the median age of the women admitted to the ICUs was 30 years; 16.70% were older than 35 years ( Table 1) .The median gestation time was 35 weeks. Most of the patients were admitted during the postpartum period (92.26%), 20.8% had a history of cesarean section, and 86.8% had undergone cesarean deliveries. Nulliparous women comprised 44.6% of the ICU admissions, and women with a second child comprised 38.9% (Table 1) . Forty-five cases of fetal loss in 43 women occurred in the study group. A total of 66.4% of the subjects were from urban areas. The median length of ICU stay was 2 days, and the median hospital stay was 11 days. The median SOFA score was 2, and 48.1% of the women had SOFA scores greater than or equal to 3.
Comparing 2008-2011 to 2012-2016, the percentage of women with advanced age (16.4% vs 16.8%; p = 0.916) and multiple births (4.9% vs 7.3%; p = 0.359) did not increase significantly, whereas the rate of gestational diabetes increased to a near-significant degree (7.4% vs 14.1%; p = 0.051), and the proportion of women with a second child increased (31.1% vs 41.5%; p < 0.05).
Diagnoses Associated With ICU Admission
Over the 9-year study period, the leading diagnoses associated with ICU admission were postpartum hemorrhage (PPH) (170/491), hypertensive disorders of pregnancy (156/491), and cardio-cerebrovascular diseases (78/491). Diseases with median SOFA scores greater than or equal to 3 points included acute fatty liver of pregnancy (8), amniotic fluid embolism (8), PPH (4), hypertensive disorders (3), systemic lupus erythematosus (3), and cardiopulmonary arrest (3) ( Table 2) . Maternal ICU mortality rate represents as proportion based on the total number of maternal ICU admissions and is expressed per 100 deliveries. Maternal mortality in hospitals represents as proportion based on the total number of hospital deliveries and is expressed per 100,000 deliveries. Number of deaths due to principal diagnosis divided by the total number of women admitted to the ICU for the same diagnosis. Cardio-cerebrovascular diseases, including rheumatic heart disease, hypertensive heart disease, hypertrophic cardiomyopathy, congenital heart disease, and cerebrovascular diseases. The cause-specific rate of pregnancy-related ICU admissions significantly increased for PPH (23.0-38.5%; p = 0.002) and cardio-cerebrovascular diseases (9.8-17.9%; p = 0.035) and decreased for pneumonia (9.0-3.3%; p = 0.009), but did not change significantly for other diagnoses (Table 2) .
PPH (170/491; 34.62%) was the main reason for ICU admission (Table 2) . Placenta accreta (86/170) and placenta previa (60/170) accounted for 50.6% and 35.29% of PPH cases, respectively, and occurred concurrently in 56 women. Over the 9-year study period, the number of PPH cases caused by placenta accreta and placenta previa increased significantly (80/142, 56.3% vs 6/28, 21.4%; p < 0.05 and 4/28, 39.4% vs 56/142, 14.3%; p < 0.05, respectively) ( Table 2 ).
Complications and Invasive Operations Upon ICU Admission
The most common end-organ injuries among the obstetric patients who received intensive care were AKI (27.3%), with 25 cases of continuous hemofiltration and 17 cases of plasmapheresis; respiratory failure (19.3%); and heart failure (17.1%). The rate of tracheal intubation increased significantly over the study period (30.3% vs 43.1%; p = 0.013); in most cases, intubation was not performed because of respiratory failure but for general anesthesia in the operating room. Respiratory failure decreased (26.2-17.1%; p = 0.026) over the study period.
Maternal Mortality Rate and Fetal Loss
The overall maternal mortality rates were 2.0 per 100 obstetric patients admitted to the ICU and 15.9 per 100,000 hospital deliveries. The fetal loss rate was 8.6 per 100 births. During the periods from 2008 to 2011 and from 2012 to 2016, no significant differences were found regarding the ICU or hospital maternal mortality rates (2.5 per 100 deliveries to 1.9 per 100 deliveries in ICUs; p = 0.991 and 11.3 per 100,000 deliveries to 17.9 per 100,000 deliveries in hospitals; p = 0.174) ( Table 1 ). There were 14 maternal deaths at the three hospitals. Ten women died in the ICU. Infections (6/10, including four nonobstetric severe sepsis cases sent by referral that were not unique to pregnancy or postpartum; these included one gastrointestinal perforation, one necrotic infection of the limbs, and two cases of severe pneumonia) and PPH (4/10) were the leading causes of maternal death. Another four women died outside the ICU; one died in the emergency ward due to pulmonary hypertension, two died in the obstetrics ward due to rupture associated with aortic dissection and amniotic fluid embolism, and one died in the neurology ward due to subarachnoid hemorrhage.
The rate of fetal loss did not decrease over the study period (8.5% vs 8.6%; p = 0.977) ( Table 1) . Binary logistic analysis showed that hypertensive disorders of pregnancy represented an independent maternal risk factor for fetal loss ( Table 3) . The adjusted OR values (< 1) of the nulliparous women and those admitted by the routine service indicated that women with these two characteristics had a lower risk of fetal loss.
DISCUSSION
The improvement of perinatal care worldwide has focused on decreasing maternal morbidity and mortality (20) (21) (22) . In China, unlike the maternal care levels designated in the United States (23), maternal care has been provided among primary, secondary, and tertiary hospitals according to risk levels (indicated by the colors green, yellow, orange, red, and purple) since 2017 (24) . ICU beds for critically ill obstetric patients have been required since 2017 at secondary and tertiary hospitals with critical maternal care centers, where physicians use the most advanced technology (7) . Maternal ICU admission is recognized as an indicator of the SMM (25) (26) (27) .
The ICU admissions of mothers with advanced age and multiple births did not increase significantly, possibly due to reduced enthusiasm for a second child among women of advance aged, economic burdens (28) , and less access to assisted reproductive technology facilities per citizen (29) . The nearly significant increase in the ICU admission of women with gestational diabetes is recognized as a risk related to obesity (30) , indicating the urgent need to give more attention to controlling excessive weight gain.
We observed an increased frequency of maternal ICU admissions and a greater frequency of ICU utilization than other reports (5.6 vs international reports of 2.7 per 1,000 deliveries) (27) , excluding the study by Oud (31) (39 per 1,000 pregnancy-associated hospitalization-years). This increasing frequency appeared to be due in part to the growth in the diagnosis of PPH cases, especially the increase in placenta accreta.
The increased frequency of PPH is consistent with the findings reported for high-resource countries (32) (33) (34) (35) (36) (37) . It is possible that the pursuit of admission for the advanced perioperative management of placenta accreta at Peking University Third Hospital led to the higher proportion of placenta accretarelated PPH compared with other reports (38) .
Despite the lower ICU maternal mortality rate (2% vs 3.4%) (27) in our study, which, as Chantry et al (39) indicated, may reflect a lower threshold for ICU admission (considering that 112/491 women had a SOFA score = 0), the three academic hospitals included in this study had higher maternal mortality rates overall compared with developed countries (15.9 vs 12.1 per 100.000 deliveries) (1), which indicates that greater efforts must be made to improve maternal outcomes in China. Strengthening perinatal care for infections, which were the leading cause of maternal mortality in our study, is a challenge. Although sepsis does not rank among the top three causes of maternal death worldwide (which are major hemorrhage, abortion, and pregnancy-related hypertensive disorders) (1), the rate of growth in pregnancy-associated severe sepsis (236%) over the past decade (40) is alarming. The increasing mortality rate from sepsis (41) (42) (43) shows that obstetric patients with sepsis should be given medical advice quickly and should be subject to heightened clinician vigilance to facilitate early diagnosis and timely and effective intervention. Three out of four nonobstetric severe sepsis-related deaths in our study may have been preventable with intensive prenatal care at the hospitals where they were initially treated, more timely risk www.ccmjournal.org e1007 assessment, and more timely transfer to tertiary hospitals with the capacity to provide critical maternal care. More attention should be paid to the implementation of sepsis bundles before a referral, and effective regional cooperation between obstetricians at lower-level hospitals and experts at tertiary hospitals, including obstetricians, ICU physicians, surgeons, and anesthesiologists, should be strengthened.
We found that hypertensive disease of pregnancy was a risk factor for fetal loss, and Allen et al (44) mentioned it as a risk factor for stillbirth. Despite the increased rate of maternal admissions, the admission rate for hypertensive disease of pregnancy remained unchanged. The majority of women with fetal loss (24/28) related to hypertensive disorder were initially cared for at lower-level hospitals, and the lower admission rates during the antepartum period at the three tertiary hospitals compared with other studies (45, 46) hints at the need to improve the quality of prenatal care for hypertensive disease of pregnancy at lower-level hospitals and to address the paucity of ICU beds for obstetrical patients with SMM in tertiary hospitals. Deficiencies in the close follow-up of specific maternal conditions prior to admission for labor and birth, incompetence in caring for complicated conditions, and failure to identify the proper time for transfer to higherlevel maternal care are pertinent issues in lower-level hospitals. A team of family physicians available as needed for consultation onsite, by phone (as Su et al [47] designed), or by telemedicine should be established to improve the quality of care before admission for labor and birth to strengthen continuous care for women with complicated conditions. As one of the top aims of intensified national healthcare reform in 2017 (48) , reducing the differences between lower-level hospitals and tertiary hospitals by optimizing the distribution of medical resources is important to decrease SMM in China. Under these circumstances, tertiary hospitals with critical maternal care centers should provide educational and consultation functions for lower-level hospitals to a greater extent, even providing training for quality improvement initiatives as specified in the functions of level IV maternal centers in the United States (23) . With the implementation of risk assessment and networks for SMM surveillance (49) , early risk assessment (50, 51) , and timely transfer to risk-appropriate hospitals (52-54) would play key roles in improving maternal and fetal outcomes. In tertiary hospitals, women who require continuous surveillance but not necessarily intensive care should be shifted to a transitional ward to provide more ICU beds for prenatal intensive care for the most complicated cases (i.e., women with hypertensive diseases of pregnancy and a SOFA score ≥ 2).
CONCLUSIONS
Our study highlights the increasing role of PPH in ICU admissions. Improving prenatal care quality for pregnancy-induced hypertension and sepsis at lower-level hospitals may improve maternal and fetal outcomes. Specifically, providing more effective regional cooperation before transfer and shifting patients who require continuous surveillance but not necessarily intensive care to a transitional ward in a tertiary hospital would provide more ICU beds for more prenatal intensive care for the most complex medical conditions.
